The long-term effects of oil spills on freshwater organisms have been little 1 studied. In 1950, a large oil spill (10 million L) covered the harbor area of Parry Sound, Ontario, 2 the deepest port in the Laurentian Great Lakes. Ecological impacts were not studied at the time, 3 but 25 years later three-quarters of the Chironomus cucini larvae (Insecta, Diptera, 4 Chironomidae) living in the harbor area were reported to be deformed. We returned six decades 5 after the spill and found that the frequency of deformities had returned to background levels, and 6 that the community of burrowing invertebrates has largely recovered. By dating sediment cores 7 and measuring the depth distribution of oils, we conclude that, although the oil persists six 8 decades after the spill, sufficient uncontaminated sediment has covered the oil thereby putting it 9 out of reach of most burrowing animals. Provided that the sediment remains undisturbed, the 10 buried oil is unlikely to exert further negative effects on the biota in spite of the fact that it will 11 likely persist for centuries.
4 community composition had changed since it was measured in the 1970s. Lastly, we collected 38 cores that allowed us to determine the depth of sediment that has been deposited since the oil 39 spill, as well as to measure the vertical distribution of oil in the sediments and describe the 40 history of the chironomid populations at the contaminated site. Overall, these measurements 41 should allow us to relate the depth-distribution of oil in the sediment to the history and present 42 state of benthic invertebrate populations in the impacted area. Given the lack of long-term 43 studies on the impact of oil spills on freshwater biota, our data should be useful for estimating 44 response times for benthic recovery in comparable systems.
45

MATERIALS AND METHODS
46
Study site and sampling rationale. Parry Sound Harbor (45° 20' 0" N, 80° 2' 0" W; and larvae of C. cucini are reported to be limited to this zone in Parry Sound. 4 Chironomus 63 cucini are recognizable as members of the salinarius group of Chironomus species by the fact 64 that larvae lack ventral and lateral tubules on their abdomen. 11 Chironomus cucini was reported to be the only salinarius-group Chironomus species present in the hypolimnion of Parry Sound
66
Harbor, 4 and this identification has since been confirmed using a combination of morphological,
67
cytological and genetic techniques. 12 
68
Sediment cores. We collected two sediment cores (A and B; length 50 cm) at station 1 69 using a gravity corer. To avoid sediment displacement during transport, the ends of the core 70 samples were plugged using floral foam. In the laboratory, the polyvinyl-chloride core tubes 71 (6.7-cm diameter) were cut lengthwise into halves using a miniature circular saw and a wire was again and ground to a powder of which a minimum of 1 g was placed into a pre-weighed vial and 76 counted for 24 h in an ultra-low-background, high-purity, germanium, gamma spectrophotometer 77 (ORTEC). Counts were treated and data interpreted according to Appleby 13 and Couture et al. 14 
78
Total lead (Pb) measurements were obtained using an ITRAX X-ray fluorescence scanner
79
(Cox Analytical Systems). Measurements were made at intervals of 100 µm and the resulting 80 data were treated using ImageJ (http://rsbweb.nih.gov/ij/).
6
Total greases and oils were measured in subsamples collected at 0. community. Samples were sieved using a 0.5-mm mesh-aperture net and preserved in 10%
112
formalin to which we added a vital stain (Rose Bengal) to facilitate recovery of the invertebrates.
113
We compared the population densities obtained with those from samples collected in 1973
114
(triplicate samples collected by Ekman grab in July). 16 
115
To retrieve subfossil chironomid head capsules, we cut a longitudinal half of core A into 5- Harbor and at the reference site. Larvae were collected by Ekman grab, the contents of which 122 were sieved using a 0.5-mm mesh-aperture net and held in lake water at field temperatures for 123 transport back to the laboratory where larvae were removed and preserved in 10% formalin. 2a) when inputs of fallout from atmospheric nuclear testing would have been at a maximum. 13 
141
Further support for the 210 Pb dates comes from the relative concentrations of total Pb that 142 increase sharply through the 1920s, reach a maximum between the 1950s and the 1980s, and 143 then decline up to the present day (Fig. 2b) . Such a pattern is coherent with the use of Pb as an 144 additive in gasoline. 17 
145
Concentrations of total greases and oils in sediment were below the detection limit at 146 sediment depths greater than 6.5 cm and less than 4 cm, whereas between these depths 9 concentrations ranged from 75 to 175 mg/kg (Fig. 2c) . The large depth range of the oil suggests 148 that there was some mixing of oil and previously deposited sediment at the time of the spill. 
200
We hypothesized that the recovery of a given benthic taxon in Parry Sound Harbor will 201 depend on the depth to which it burrows and feeds, with species living in near-surface sediments 202 recovering first as uncontaminated sediment gradually buries the spilled oil.
203
Given that the amphipod crustacean Diporeia hoyi ( reported to filter interstitial water to feed on micro-organisms. 29 Judging from the similarity (Fig. 1) , which should be sufficient for 211 these shallow-burrowing taxa (Fig. 3) . zone. 30 Fourth, the high incidence of deformities (Fig. S1 ) reported for this species two and a 220 half decades after the oil spill, 4 indicates continued contact with oily sediment at this time (as 221 discussed below).
222
Tubificid oligochaetes (Fig. 3) , and the tubificid genera reported to occur at station 1 in returned to their previous densities after this time (Fig. 4, upper panels) . Exceptionally,
236
Diamesinae (all Protanypus) were absent prior to the oil spill but present thereafter (Fig. 4) . The 237 low numbers of this taxon and the lack of ecological data on Protanypus make interpretation of 238 this pattern difficult. Larvae of Tanypodinae were in low and varying abundances over the time 239 interval studied (Fig. 4) . Overall, the total numbers of subfossil Chironomidae show a minimum 240 near the estimated depth of the buried oil (Fig. 4) , which suggests that the chironomid 241 community was decimated by the oil spill but had recovered within a decade or two after the 242 spill.
243
Of the 34 subfossil head capsules of C. cucini found at all depths in the sediment cores, only showed that teeth on the mandibles, the mentum and the pecten epipharyngis were subject to loss 248 or deformation, as were the antennae (Fig. S1 ). Approximately two and a half decades after the 249 oil spill, 77% of the C. cucini larvae collected at station 1 in Parry Sound Harbor ( Fig. 5A ; 85 250 larvae measured) had a deformed mentum, mandibles or both 4 suggesting that contaminants were 251 still having an effect on this population. At that time, the comparable figure for a reference site 252 outside of Parry Sound Harbor was 2.5% ( Fig. 5A; 41 reported to have a deformed mentum and 1.3% deformed mandibles. 37 
257
In 2009, the percentage of deformed individuals in Parry Sound Harbor was 12% (of a total 258 of 146 larvae) at both stations 1 and 2 (Fig. 5A) . We note that in 2006 a higher percentage of 259 deformed larvae was measured at station 1 (28.5% of 81 larvae), which suggests that the depth of 
269
We found that deformities were not limited to the mentum and mandibles but that the 270 antennae and the pecten epipharyngis (part of the labium) could also be deformed (Fig. S1 ). In 3 271 of 4 cases (Fig. 5B) , antennal deformities were at least as common as deformities of the mentum (Fig. 5B) . The fact that parts other than the 274 mentum and mandibles can be deformed suggests that the value of 77% deformed larvae in the 275 mid-1970s (Fig. 5A ) would have been even higher if other head-capsule parts had been 276 examined. For a given part, deformities were further classified according to type (Figs. S1,6 ).
277
The only clear trend was that antennal deformities in larvae from Parry Sound Harbor mainly 15 involved the loss of segments, whereas those from the reference site had multiple ring organs in 279 the basal segment (Figs. S1,6 ).
280
The deformities we observed do not appear to have hindered C. cucini larvae, since their 281 population density was similar in the mid-1970s and in 2009 and because deformed larvae were 282 able to pupate successfully as determined by the fact that 5 of the 7 pupae that we collected had 283 attached larval head capsules with deformed mouthparts.
284
A persistent population of deformed larvae suggests tolerance to oil. If so, C. cucini larvae feed without contacting oil-contaminated sediment (Fig. 3) . first. At a given site, the greater the sedimentation rate the faster the benthic community will be 298 able to completely recolonize sediments after an oil spill.
299
In the absence of light and at 4° C, the oil at our study site is sufficiently stable that it 300 continues to persist 6 decades after the oil spill. Although, it does not appear to be a current 22 
